Abstract: Fructose, a rarely occurring sugar constituent of Gram-negative bacterial lipopolysaccharides (LPS), is distributed ubiquitously in LPS of 01 Fibrio cholerae so far examined, but its location in LPS has not hitherto been elucidated. It was found that hydrazinolysis of LPS successfully affords a derivative retaining virtually all the fructose of intact LPS, but no ester-bound phosphate. Structural analysis carried out on the LPS derivative prepared by the hydrazinolysis of R-type LPS isolated from a rough mutant strain (NIH 41R) of 01 V. cholerae NIH 41 (Ogawa) revealed that the fructose is present as a non-reducing terminal residue bound to position C-6 of a glucose residue in the core region. This finding is considered to exclude the possibility that, in the LPS of 01 V. cholerae, the fructose is present in the region of the inner core in place of 2-keto-3-deoxyoctonate.
Introduction
The occurrence of fructose as a constituent of Gram-negative bacterial lipopolysaccharides (LPS) was first reported with 01 Vibrio cholerae 569B (Inaba) LPS by Jackson and Redmond [1] and then with non-01 V. cholerae 4715 (serotype 03) by Hisatsune et al. [2] . Among other Gramnegative bacteria, one strain of each Alteromonas putrefaciens [3] and Yersinia intermedia [4] were reported to contain fructose in their LPS. Comparative studies on the sugar composition of LPS isolated from V. cholerae further demonstrated that, among the vibrios studied, all members of 01 V. cholerae and approximately 80% of non-01 V. cholerae strains contain fructose in their LPS [5, 6] . In the LPS molecules of most Gram-negative bacteria, 2-keto-3-deoxyoctonate (KDO) connects the polysaccharide portion and lipid A, and it has been postulated that KDO in this position may be replaced by fructose in the LPS molecule of 0.1 V. cholerae [7] . However, results obtained by Hisatsune et al. [8] , investigating the effect of removal of fructose on the antigenicity of LPS from 01 V. cholerae NIH 41 (Ogawa) and 569B 94 (Inaba), indicated that this is not the case. Kaca et al. [9] also suggested that the fructose is present as a branch in the core region of the LPS from 01 V. cholerae. In spite of structural investigations made so far, the location of fructose in LPS molecule of 01 V. cholerae has not been elucidated. Fructose is preferably removed from 01 V. cholerae LPS by acid hydrolysis under mild conditions such as those usually applied for the separation of the polysaccharide portion from LPS. Methylation analysis for the determination of the binding site of fructose in the molecule of 01 V. cholerae LPS is hampered by this acid-labile ketosidic linkage of fructose and the presence of phosphate (in particular, ester-bound) in the LPS molecule, because dephosphorylation by hydrofluoric acid removes simultaneously the fructose. In this study it was found that hydrazinolysis [10] of LPS from an R-mutant of 01 V. cholerae NIH 41 (Ogawa) successfully yields a derivative which retains virtually all the fructose but no esterbound phosphate group. By using this hydrazinolysed LPS, the location of the fructose in the 01 V. cholerae LPS was elucidated for the first time.
Materials and Methods

Bacterial strain and LPS
V. cholerae NIH 41R, an R-mutant of V. cholerae NIH 41 (Ogawa), was provided through the courtesy of Dr. T. Shimada, National Institute of Health, Tokyo, Japan. LPS was extracted from acetone-dried cells according to the methods described previously [11] .
Chemical modification of LPS
Dephosphorylation of LPS was carried out in 48% hydrofluoric acid (HF) as described previously [12] . For preparation of the fructose-containing LPS derivative, LPS (200 mg) was hydrazinolysed in anhydrous hydrazine (40 ml) at 103°C for 48 h and the hydrazinolysed LPS recovered as a sediment by precipitation with acetone (200 ml, -20°C) followed by centrifugation (15 000 X g, 10 rain), and washing with acetone. The dried product was dissolved in water (5 ml) and N-acetylated by the method of Hase and Rietschel [10] . The hydrazinolysed and Nacetylated LPS [N2H4(NAc)-LPS] was purified by gel-chromatography using a column (1.3 x 70 cm) of Sephadex G-25 which was eluted with water (9 ml/h). The eluate (1.5-ml fractions) was monitored by refractometry (Shimadzu RID 6A), and the fractions corresponding to polysaccharide were combined and freeze-dried (102 mg). Permethylation of the NzH4(NAc)-LPS was done by the method of Hakomori [13] . Reduction of LPS, dephosphorylated LPS (HF-LPS) and NzH 4-(NAc)-LPS (each 5 mg) was performed with NaBH 4 (15 mg/ml) at 40°C for 16 h. The reduction products were recovered by freeze-drying, after dialysis against water.
Methylation analysis for determination of the binding site of fructose was done as follows: (A) permethylated NzH4(NAc)-LPS was methanolysed in methanolic 0.01 M HC1 at 86°C for 20 rain and the methanolysate was, after evaporation to dryness, re-methylated using CD3I, hydrolysed in 2 M trifluoroacetic acid (TFA) at 120°C for 1 h, reduced with NaBH 4 and per-O-acetylated in pyridine/acetic anhydride (1:1) at 100°C for 30 rain. (B) Permethylated NzHa(NAc)-LPS was hydrolysed in 2 M TFA, reduced and per-Oacetylated as described above. Gentiobiose (Sigma Chem. Co.) was used as a standard for methylation analysis of non-reducing terminal and 6-substituted glucose residues.
Analytical methods
Fructose content was estimated by gas-liquid chromatography (GLC) as its O-acetylated-Omethyloxime [14] using xylose as an internal standard. Inorganic and total phosphate contents were estimated by the method of Lowry et al. [15] . Glucosamine and glucosaminitol contents were estimated by GLC as their per-O-acetylated derivative prepared as described above after hydrolysis in 4 M HC1 at 100°C for 16 h using galactosamine as an internal standard.
Gas-liquid chromatography and GLC / mass spectrometry (GLC-MS)
GLC was performed on a Shimadzu gas-chromatograph model 14A equipped with a fusedsilica capillary column (25 m X 0.22 mm) coated with Ulbon HR-54 (Chromato Packing Center, Kyoto, Japan) and a temperature program of 3 min at 130°C then to 150°C at 3°C/min for analysis of permethylated monosaccharides and of 3 min at 150°C then to 300°C at 3°C/min for alditol acetates and partially methylated alditol acetates. GLC-MS was carried out on a DX-300 (Nihon Denshi, Tokyo, Japan) instrument using the column described above. Electron impact mass spectra (El-MS) were recorded at 70 eV and isobutane was used as the reactant gas for chemical ionization (CI-MS).
31p-Nuclear magnetic resonance (NMR)
31p-NMR spectra were recorded on a Varian VXR 400S instrument at 161.9 MHz. Chemical shifts were measured relative to 80% phosphoric acid (0.00 ppm) as an external standard at 20°C. N2Ha(NAc)-LPS was dissolved in D20 (70 mg/ml) containing 0.5 mM EDTA and the pH of the solution was adjusted to 11.0 with triethylamine.
Results and Discussion
The apparent sugar composition of LPS isolated from 01 V. cholerae NIH 41R was as follows: glucose (0.53 /xmol/mg), fructose (0.39 /xmol/mg), L-glycero-D-mannoheptose (0.75 /xmol/mg) and glucosamine (0.74/xmol/mg). The LPS contained 1.03 tzmol/mg of phosphate. Table 1 shows the contents of fructose and phosphate in V. cholerae NIH 41R LPS and its derivatives, together with those of glucosamine and glucosaminitol after reduction. HF-LPS did not contain any detectable fructose showing that the ketosidic linkage of fructose was easily split by dephosphorylation with HF. On the other hand, N2H4(NAc)-LPS still contained approximately equimolar amounts of fructose and phosphate. Since the presence of ester-bound phosphate interferes with methylation analysis for determination of the binding site of fructose, the binding position of the phosphate remaining in NzH 4 (NAc)-LPS was examined. After reduction (NaBH 4, 40°C) of LPS and its derivatives, practically no glucosaminitol was detectable in LPS and N2H4(NAc)-LPS. In contrast, glucosaminitol was detected (molar ratio relative to glucosamine; 1.0: 2.3) in HF-LPS. This finding indicates that the glucosamine residue at the reducing end of lipid A is occupied by a phosphate group which is removed by HF-treatment but not by N2H4-treatment; only ester-linked phosphates are removed by NzH4-treatment. The amount of the phosphate in N2H4(NAc)-LPS (0.38 /xmol/mg) was compatible with that calculated (one-third of total glucosamine, 0.37/xmol/mg) based on distribution of glucosamine residue in the LPS, i.e., two residues in the lipid A moiety and one in the core region [16] . 31p-NMR of the N2H4(NAc)-LPS showed a signal at 2.91 ppm which was in good agreement with that of glycosidically bound phosphate obtained by using standard a-D-glucosamine 1-phosphate (2.88 ppm). No other signal, in particular a signal in the range 4-5 ppm characteristic for ester-bound phosphate, was observed, indicating that the N2H4(NAc)-LPS was free from ester-bound phosphate. Thus it was demonstrated that the phosphate group in N2Ha(NAc)-LPS was present on position C-1 of the reducing terminal glucosamine of the lipid A moiety.
Fructose was released as its permethylated derivative from permethylated N2Ha(NAc)-LPS by mild methanolysis. The maximal release of fructose was observed after 20-min methanolysis in methanolic 0.01 M HC1 at 86°C, and no other sugar was released under these conditions. 96 Therefore, the binding site of fructose was examined using permethylated N2H4(NAc)-LPS with or without re-methylation after the mild methanolysis. Table 2 shows the results of methylation analysis of N2H4(NAc)-LPS by methods A and B. GLC/MS of the product obtained by method A revealed the presence of 1,5-di-Oacetyl-2,3,4,6-tetra-O-methylglucitol (1,5-Ac2Glc-ol, M = 322) and 1,5-Ac2Glc-ol carrying a -CD 3 group on position C-6 (1,5-Ac2Glc-ol(6-CD3), M = 325). These two compounds were not separated by GLC, however, the presence of 1,5-Ac2GIc-oI(6-CD 3) was clearly demonstrated by GLC-MS ( Table 3 ). The fragment ions rn/z 205 (--* 145) and 161 were assigned to C3-C6 and C4-C6 fragments, respectively, of 1,5-Ac2Glc-ol and the fragment ions m/z 208 (--* 148) and 164 were assigned to C3-C6 and C4-C6 fragments, respectively, of 1,5-Ac2GIc-ol(CD 3) (Fig. 1) . Furthermore, GLC-MS (CI mode) revealed two pseudo-molecular ions m/z 323 (--* 263) and 326 (---> 266) corresponding to 1,5-Ac2Glc-ol and 1,5-Ac2Glc-ol(6-CD3), respectively. No other deuteromethylated alditol acetate was detectable in the product. GLC/MS of the product obtained by method B showed the presence of equal amounts of 1,5-Ac2Glc-ol and 1,5,6-tri-O-acetyl-2,3,4-tri-O-methylglucitol (1,5,6-Ac3Glc-ol), the latter was derived from a glucose residue carrying a substituent (fructose) as its position C-6. Based Table 2 Relative amounts of partially methylated glucitol acetates detected by methylation analysis of N2H4 ( on the present results, we conclude that there are two residues of glucose in the LPS of V. cholerae NIH 41R; one is present as a non-reducing terminus and the other is substituted by non-reducing terminal fructose at position C-6.
In an earlier study [7] , it was postulated that fructose was present in the inner core region [18] revealed that only one residue of KDO is present in the inner core region of the LPS in the form of KDO 4-phosphate connecting the core polysaccharide and lipid A moiety on position C-5 and C-2, respectively, and the chemical background for undetectability of KDO by the usual periodate-thiobarbituric acid assay under the usual hydrolysis conditions has been also elucidated. These findings indicate that fructose is not present in the KDO region but possibly in the outer core region. In the present study, the binding position of fructose was determined as position C-6 of a glucose residue constituting the outer core region of 01 V. cholerae NIH 41R LPS. The glucose residue carrying fructose has no other substituent, thus forming fructose(2 ~ 6)glucose disaccharide as a non-reducing terminal group of the LPS. An immunochemical study was previously carried out by the authors' group on the effect of removal of the fructose residue on the antigenicity of 01 V. cholerae NIH 41 (Ogawa) and 569B (Inaba) LPS [8] . It was demonstrated that the fructose residue is not substantially involved in determination of 01 specificities of V. cholerae, because periodate oxidation of LPS of S-form 01 V. cholerae NIH 41 (Ogawa) and 569B (Inaba) results in total elimination of fructose, whereas serological specificities of these LPS are still fully retained. Fructose might be involved in an antigenic determinant of R-antigen of 01 V. cholerae.
